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Abstract

Study Design: systematic review.

Objective: To evaluate risk factors associated with failure of non-operative management of isolated unilateral facet fractures of
the subaxial cervical spine in neurologically intact patients.

Methods: A systematic review of the PubMed, Embase, LILACS, and Cochrane Library databases was conducted in order to
determine risk factors associated with failure of non-operative management in isolated unilateral facet fractures of the subaxial
cervical spine without facet and/or vertebral displacement, in neurologically intact patients. Our research was in line with the
PRISMA Statement and registered on PROSPERO (CRD42023405699).

Results: A total of 1639 studies were identified through a database search on May 5, 2023. In total, 7 studies from the databases
were included, along with 1 study found through a manual citation search. The evidence showed high clinical heterogeneity, a
serious risk of bias according to the ROBINS-I tool, and a predominance of retrospective cohort studies. In comparison to less
complex facet fractures, lateral floating mass fractures were found to have 5.41 times higher odds of failure of non-operative
management (OR = 5.41; 95% CI = 1.32, 22.19).We calculated the potential association between lower absolute fracture height
and non-operative treatment success [Fracture height (percentage) Mean Difference = �17.51 (�28.22, �6.79 95% CI);
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Absolute height Mean Difference:�0.46 (�0.60,�0.31 95% CI)]. Other risk factors were not included in the meta-analysis due
to lack of data. The level of certainty was rated as “very low”.

Conclusions: Lateral floating mass cervical facet fractures and larger fracture fragment size (measured either in absolute terms
or as a percentage) are significant risk factors for failure of non-operative treatment.
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Introduction

Traumatic cervical facet injuries encompass a broad spec-
trum that can range from unilateral non-displaced facet
fractures to bilateral facet fractures with joint dislocations
with or without neurological injury. Traumatic unilateral
non-displaced, as well as minimally subluxed cervical facet
fractures are often underdiagnosed, even among trained
surgeons.1 In recent years, cervical facet fractures have been
identified more frequently and at an earlier stage thanks to
computed tomography (CT), which offers comprehensive
imaging angles and multiplanar reconstructions, providing
critical information during the initial assessment of trauma
patients.2

However, the management of isolated subaxial facet
fractures remains a subject of debate, particularly when
dealing with neurologically intact patients. This may be at-
tributed to their relatively low frequency compared to other
injuries, representing only 5% of all cervical spine injuries in
traumatic case series, as well as the diversity in their mor-
phological presentation.1,3-6 One of the primary challenges in
the decision-making process for these cases is determining the
presence of mechanical instability.7,8 Both unilateral non-
displaced facet injuries and minimally subluxed injuries,
particularly those without neurological deficits, are often
treated with non-operative management using a cervical or-
thosis for several weeks.1 Despite apparent mechanical sta-
bility during the initial assessment, subsequent symptomatic
facet and/or vertebral displacement may develop, making
surgical treatment necessary for these injurie.

Additionally, studies have shown that patients with uni-
lateral cervical facet fractures involving 40% of the absolute
height of the intact lateral mass, or those with an absolute
height of 1 cm, are at an increased risk of failure of non-
operative treatment. These criteria have since been incorpo-
rated into the AO Spine Subaxial Cervical Spine Classification
System, which describes 4 morphological types of injuries to
the facet component.4 Despite its widespread use among spine
surgeons, the potential instability of the so-called F2 and F3
fractures remains a topic of debate,9,10 as there is significant
variability in the accuracy and reliability of the classification
for these injuries. Therefore, this study aimed to evaluate risk
factors associated with failure of non-operative management
of isolated unilateral facet fractures of the subaxial cervical
spine in neurologically intact patients.11

Material and Methods

A systematic review of the literature was conducted to identify
risk factors associated with failure of non-operative man-
agement in isolated unilateral facet fractures of the subaxial
cervical spine without facet and/or vertebral displacement in
neurologically intact patients. This systematic review was
performed in accordance with the PRISMA 2020 Statement
and registered in PROSPERO (CRD42023405699).12

A clinical question was formulated using the PICO acro-
nym to clarify the scientific problem and guide eligibility
criteria.

Criteria for Study Inclusion in This Review

Studies Were Selected according to the following Criteria
- Study Design: As the objective of this systematic re-

view was to assess risk factors, the authors identified
long-term prospective cohorts of patients with isolated
cervical facet fractures managed non-operatively as the
most relevant evidence. Additionally, randomized and
non-randomized trials, as well as prospective and ret-
rospective cohort studies and case-control studies, were
deemed eligible for inclusion. Given the rarity of
published reports on isolated unilateral cervical frac-
tures, case series were included for descriptive purposes
but were excluded from the formal analysis. Cross-
sectional studies, case reports, and reviews were ex-
cluded from consideration.

- Participants: Studies were included if they examined
adult patients (>18 years) of both sexes with isolated
subaxial cervical facet fractures (either superior or inferior
articular processes). Studies involving participants with
fracture dislocations, osteoporosis or metabolic diseases,
low-energy trauma, pathological fractures, rheumatoid
arthritis, ankylosing spondylitis, or diffuse idiopathic
skeletal hyperostosis (DISH) were excluded.

- Intervention: We included studies with at least one type
of non-operative management (rigid collar, soft collar,
and/or halo vest). Studies that did not include any non-
operative treatment were excluded.

- Comparators: Studies with surgical treatment were
considered as comparators; however, due to the aim of
our review, studies without a comparison group were
also included.
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- Outcomes: The primary outcome measure was failure
of non-operative management, defined by the rates of
pseudarthrosis, posterior translation, new neurological
injuries (radicular or spinal cord injury), persistent pain,
and other significant outcomes.

- Language and Time Frame: Articles written in En-
glish, Portuguese, or Spanish and published prior to
May 5, 2023 were included. Studies with a follow-up
period longer than 90 days were also considered.

Search Methods for Study Identification

Data Sources. We conducted a search across several databases,
including MEDLINE (PubMed), Embase (OVID), LILACS,
and the Cochrane Library, as well as the reference lists of the
included studies and relevant reviews identified during the
search (snowballing).

Search Strategy. We formulated our literature search strategy
by employingMedical Subject Headings (MeSH) and relevant
entry terms pertaining to subaxial cervical facet fractures. The
following search strategy was specifically created for the
MEDLINE database: (facet OR zygapophyseal joint) AND
(cervical) AND (spine OR vertebral column) AND (fracture
OR injury). The search was not restricted by study design or
language; however, due to resource limitations, only studies
published in English, Portuguese, or Spanish were ultimately
included. We searched from the earliest available date to May
5, 2023. The original MEDLINE search strategy was sub-
sequently adapted to the syntax and subject headings of the
other databases. After identifying relevant studies, the re-
viewers examined their references to find additional pertinent
articles.

Data Management. The results of the literature search were
uploaded to Zotero Reference Manager (Corporation for
Digital Scholarship, 2023), a web-based application that fa-
cilitates collaboration among reviewers during the study se-
lection process. Duplicates were removed, and prior to the
formal screening process, training was provided to new
members of the review teamwhowere unfamiliar with citation
management software.

Selection Process. The selection process was conducted by four
reviewers, divided into two groups, who independently
screened the titles and abstracts according to the inclusion
criteria. Disagreements were initially addressed through dis-
cussion among the reviewers and, if unresolved, were settled
by consultation with an expert researcher not involved in the
screening process. Once articles were selected for full-text
review, they were retrieved from their respective sources. Each
group of reviewers then evaluated the full-text articles selected
by the other group in a crossover design to minimize potential
selection bias. During the review, the references in the selected
articles were also checked for additional eligible studies

(snowballing). Any conflicts that arose were initially resolved
through discussion among the reviewers, and, if needed, by
consulting a third-party expert.

Data Collection and Analysis

Data Extraction. Data extraction was also carried out in du-
plicate by independent reviewers. The data were organized
into two separate tables: one containing the study character-
istics and another summarizing the findings. The study
characteristics included study design, diagnosis and selection
criteria, participants, intervention and comparator, outcomes,
follow-up period, as well as information on funding and
potential conflicts of interest. The abstracted data focused on
failure of non-operative management (defined by the rate of
pseudarthrosis), posterior translation, new neurological injury
(radicular or spinal cord injury), pain, and other relevant
outcomes. Successful treatment was defined as the absence of
any of these occurrences during follow-up. Disagreements
between reviewers were resolved through discussion and, if
necessary, by consulting a third-party reviewer.

Risk of Bias Assessment. Given the nature of the included
studies, these were evaluated for risk of bias using the
ROBINS-I tool for non-randomized exposure studies.13

Effect Measures and Statistical Analysis. For continuous vari-
ables, the mean difference with a 95% CI was calculated,
while for dichotomous outcomes, the odds ratio with a 95% CI
was determined using the Mantel-Haenszel method. A
random-effects model was employed, and statistical hetero-
geneity among studies was assessed using the Tau2 test. A
two-tailed P-value of less than 0.05 (P < 0.05) was considered
significant. Data analysis and synthesis were performed using
RevMan (Review Manager), v. 5.4.1 (The Cochrane Col-
laboration, 2020).

Strategy for Data Synthesis and Quality Assessment. The results
from individual reviewers were consolidated into a single data
table. The entire review team then discussed this table to reach
a consensus on the findings. Additionally, the data was
evaluated for its suitability for quantitative meta-analysis, and
the GRADE approach was employed to assess the certainty of
the evidence.14

Results

We identified a total of 1639 studies during our search in May
2023. After removing duplicates, we screened 1567 studies
based on their titles and abstracts, ultimately retaining 1544
for further consideration. A full-text assessment was con-
ducted on 23 studies that potentially met the inclusion
criteria,1-3,6,8,10,15-32 leading to the exclusion of 16 of them.
Finally, after reviewing the full texts, 7 studies were included
in the present systematic review.2,3,8,10,15,17,18 In addition, we
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identified 2 studies through manual citation search,16,33 of
which only one was included.16 Therefore, we obtained a total
of 8 articles for this review (Figure 1). Table 1 summarizes the
characteristics of the studies.

Risk of Bias Assessment

Given the nature of the studies, the ROBINS-I tool was em-
ployed to assess the risk of bias in non-randomized observa-
tional research. Our review revealed that all included articles
exhibited a serious overall risk of bias (Table 2). Themajority of
these studies were retrospective cohort studies, which may have
introduced recall bias. According to the ROBINS-I domains, all
the studies faced issues related to confounding, deviations from
the intended interventions, and outcome measurement. None of
the articles adequately controlled for all possible confounding
variables through eligibility criteria or appropriate multivariate
statistical analysis. Of the nine articles, four analyzed unsuc-
cessful non-operative management by grouping isolated facet
fractures with a more complex subtype known as floating lateral
mass. The description of the non-operative management in-
terventions and cointerventions lacked detail, particularly re-
garding follow-up, cointerventions such as analgesia and

physiotherapy, activity restrictions, and patient adherence to the
intervention. Risk factors were documented, registered, and
analyzed without blinding. The radiological measurement
methods were poorly described, and bias in measurement was
not properly controlled.

Data Extraction and Synthesis

Failure of non-operative management was analyzed based on
the presence or absence of the following risk factors:

Facet Fracture Subtype. Our review identified only two studies
that considered fracture subtype as a risk factor for unsuc-
cessful non-operative management, specifically distinguish-
ing floating lateral mass fractures from other simpler
subtypes.3,16 Both studies employed a similar definition of
unsuccessful non-operative management, defined as a trans-
lation of more than 3.5 mm of the vertebral body. Despite
using different facet injury classifications (A3 from Dvorak,20

and F3 from AOSpine4), both papers compared floating lateral
mass fractures with less complex fractures. Unsuccessful non-
operative management was categorized into two types:
floating lateral mass fractures and other types (F1/F2 or A1/
A2). The analysis included data from two studies with a total

Figure 1. PRISMA flowchart.
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Table 1. Characteristics of Included Studies.

Author (year) Study Design Diagnosis; Elegibility Participants
Intervention/
Comparator Outcome Follow-Up

Aarabi (2014) RC (SC) Inclusion: Isolated
nondisplaced or
minimally displaced
(<3 mm) subaxial lateral
mass fractures; radicular
irritation or
dysfunction;
indeterminate
discoligamentous injury

n = 25 M:F = 19:
6 mean age
(SD) = 38.5
(15.5)

Conservative (Rigid
collar n = 25)
surgery
(arthrodesis n =
10)

Treatment failure:
Progressive
translation or
kyphosis over time.
More than
3 millimeters of
translation or 11° of
kyphosis during
follow-up or new root
or spinal cord injury

>3 months.
Average
12,1
months
(range =
3-60)

Exclusion: Subluxation;
spinal cord injury;
bilateral or multilevel
facet injuries; fractures
of the vertebral body;
ankylosis spondylitis;
diffuse idiopathic
skeletal hyperostosis;
definitive
discoligamnetous injury
on MRI.

Study period: Jan 1, 2001 -
Dec 31, 2011

Cirillo (2022) RC (SC) Inclusion: Isolated subaxial
cervical facet fracture.
According to AOSpine
classification system: F1,
F2 and F3 fractures.
Exclusion: Injury at
more than one level,
emergency surgery due
to neurological
compromise,
radiological instability
according to the white-
Panjabi criteria
(kyphotic deformation
>11° and listhesis
>3.5 mm), incomplete
registration, or less than
6 months of follow-up

n = 37; median
age 41 (range
= 21-71). M:F
= 34:3 average
age: 42.51 (SD
= NR)

Conservative
treatment (Rigid
collar)

Failure of conservative
treatment: Onset of
neurological
symptoms,
development or
progression of
listhesis >3.5 mm,
bisegmental
angulation >11° or
non-union

>6 months

Study period: 2009-2020
Lifeso (2000) Two cohorts Inclusion: Compression

extension stage 1
fracture (CES-1)
according to Allen and
Ferguson

n = 50 M:F = 43:
7 average age
(SD;range): 34
(NR; 16-76)

Retrospective
cohort:
Conservative
treatment (rigid
collar or halo) and
surgical treatment.
Prospective
cohort: Surgical
treatment

Treatment failure:
Persistence of
subluxation,
secondary surgery,
persistence of
radiculopathy,
worsening of cord
deficit, or kyphosis
>11° at late follow-up

>1 year

RC (SC) Exclusion: Unilateral facet
dislocations were not
included in the series

PC (SC) Study period: RC = From
Jan 1987 to Jan 1993;
PC= From Jan 1993 to
Jan 1994

(continued)
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Table 1. (continued)

Author (year) Study Design Diagnosis; Elegibility Participants
Intervention/
Comparator Outcome Follow-Up

Manoso
(2016)

RC (SC) Inclusion: Floating lateral
Mass from C3 to C7.
Unilateral fracture of
the pedicle and the
lamina

n = 60 M:F = 45:
15 mean age
(range): 36 16-
69)

Conservative
treatment n = 8
(rigid collar n = 6;
halo vest n = 2);
surgery n = 52
(ACDF single level
n = 9; 2-level
ACDF/
corpectomy n =
36; posterior
alone n = 6;
anterior-posterior
n = 1)

Neurological decline.
Postsurgical
complication.
Nonunion; aligment.
Instability (>3.5 mm
displacement, >10°
kyphosis of an
adjacent segment, or a
>10° rotational
difference from the
adjacent segment).
Medical complications

Mean
(range): 9
months
(0-42)

Exclusion: other fractures
or levels

Study period: Jan 1st 2007
to Dec 31st, 2012

Pehler (2019) RC (SC) Inclusion: Unilateral
cervical facet fractures,
single level or multiple
levels

n = 88 (106
unilateral
fractures). M:F
= 65:23. Mean
age (range):
43.8 (18-79)

Conservative n = 67
[rigid collar n = 61
(91%); halo vest n
= 6 (9%)]; surgery
n = 21 (ACDF or
posterior fusion)

Failure of conservative
treatment: Fracture
instability,
subluxation, or
progression of
spondylolisthesis, new
onset radiculopathy,
persistent
radiculopathy,
nonunion or malunion
at time of follow-up
requiring surgical
treatment

Mean
(range):
14.1
months
(1.9-106)Exclusion:

Spondylolisthesis,
dislocated facets,
bilateral facet fractures
at the same level,
floating lateral mass,
thoracic or lumbar spine
injuries, spinal cord
injuries, avulsion
fractures of the cervical
facet, less than 1 mm in
width

Study period: From 2007
to 2014

Spector
(2008)

RC (SC) Inclusion: Unilateral
cervical spine facet
fractures; single or
multiple levels

n = 24 (26
unilateral facet
fractures). M:F
= 13:11.
Average age
(range): Males
57 (33-83)
years; females
42 (17-84)
years

Conservative
treatment: Rigid
collar (n = NR) or
halo vest (n = NR)

Failure of non operative
treatment:
Progressive
subluxation (>3.5-mm
displacement or 11°
of rotation at the level
of injury) or
progressive
radiculopathy

>3 months

Exclusion: Dislocation or
lateral mass fracture-
separations; bilateral
facet fractures at the
same level; multiple
cervical spine fractures
excepting multiple level
unilateral facet fractures
or transverse process
fractures; immediate
surgical stabilization;
unstable fractures (3.5-
mm displacement and
11° of rotation at the
level of injury)

Study period: Jan 2001-Jun
2004

(continued)
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of 72 participants who underwent non-operative management.
Individuals with a floating lateral mass fracture were estimated
to have 5.41 (OR = 5.41; 95% CI = 1.32, 22.19) times higher
odds of experiencing unsuccessful non-operative management
compared to those with less complex facet fracture subtypes
(P = 0.02) (Figure 2). No heterogeneity was detected among
the results (Tau2 = 0.00).

Height of the Cervical Facet Fracture as a Percentage. The height
of the cervical facet fracture was expressed as a percentage of
the remaining intact facet height. Two studies measured this

height as a percentage of the intact facet height: Spector et al2

(the original author who proposed this method) and Pehler
et al.17 Data from these two studies were summarized, which
included 93 participants who received non-operative treatment
for F1 or F2 facet fractures. The inverse variance method with
random effects model was applied to calculate the mean
difference, which was determined to be �17.51 (95%
CI = �28.22, �6.79). This indicates a significant reduction in
the mean height of facet fractures among individuals who
underwent successful non-operative management. Further-
more, there is a potential association between the percentage

Table 1. (continued)

Author (year) Study Design Diagnosis; Elegibility Participants
Intervention/
Comparator Outcome Follow-Up

van Eck
(2017)

RC (SC) Inclusion: Non-displaced
or minimally displaced
unilateral facet fracture
which was initially
managed
nonoperatively

n = 74 (29 of 103
patients were
excluded). M:F
= 53:21. Age
average (SD;
range) = 45
(17; 17-87)
years

Conservative
treatment (rigid
collar)

Failure of conservative
management: Patients
requiring surgical
intervention after
initial non-operative
treatment.
Radiographic
progression: Listhesis
>10%. Neck pain,
neurological
symptoms
(radiculopathy,
myelopathy)

Poorly
defined;
average
follow-up
9 months

Exclusion: Cervical spine
surgery during their
index admission;
concomitant additional
cervical spine fractures,
severe underlying
disease patterns
precluding accurate
radiographic analysis,
and evidence of spinal
cord injury

Study period: 2002-2014
Vedantam
(2018)

RC (SC) Inclusion: Patients with
single or multilevel
unilateral nondisplaced
or minimally displaced
subaxial cervical facet
fractures with at least 1
follow-up visit

n = 35; median
age = 40 years
old (range =
18-77). M:F
(34:1)

Conservative (Rigid
collar)

Failure of conservative
treatment (succesful
or unsuccessful).
Unsuccessful
nonoperative
management was
defined as the
presence of new
neurological deficits
or the development of
spinal instability
determined on lateral
cervical spine
radiographs.
Radiographic spinal
instability was defined
as horizontal
displacement of
≥3.5 mm of 1
vertebral body on
neutral or dynamic
lateral cervical spine
radiographs

>1 month.
Follow-
up
median
2.1
months
(range =
0.5-11.4
months)

Exclusion: Facet
dislocation/subluxation,
bilateral facet injury,
additional cervical
fractures requiring
surgical or halo
immobilization involving
the same level as the
fractured facet, patients
who expired during
their hospital stay

Study period: Jan 2008-
Dec 2014

Abbreviations: RC = retrospective cohort; PC = prospective cohort; SD = Standard deviation; NR = Not reported; MRI = magnetic resonance imaging; SC =
Single center.
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reduction in fracture height and the effectiveness of non-
operative management (Figure 3). High heterogeneity was
detected among the results (Tau2 = 34.23).

Absolute Cervical Facet Fracture Height. Based on the results of two
studies,2,17 the meta-analysis of cervical facet fracture height (in
cm) in relation to treatment outcomes (successful vs unsuccessful

non-operative management) reveals a mean difference of �0.46
(calculated using the inverse variancemethodwith random effects
model) and a 95% confidence interval of [-0.60, �0.31]. This
result indicates a statistically significant decrease in the absolute
height of facet fractures among individuals with successful non-
operative management compared to those with unsuccessful non-
operative management. The negative mean difference

Table 2. Risk of Bias (ROBINS-I).

Author
(year) Confounding

Selection
Bias

Bias in
Measurement
Classification of
Interventions

Bias due to
Deviations from
Intended
Interventions

Bias due to
Missing
Data

Bias in
Measurement of
Outcomes

Bias in
Selection of
the Reported
Result

Overall
Risk of
Bias

Lifeso
(2000)

Serious Low Low Serious Moderate Serious Low Serious

Spector
(2006)

Serious Low Low Serious Moderate Serious Low Serious

Aarabi
(2014)

Serious Low Low Serious Low Serious Low Serious

Manoso
(2016)

Serious Low Low Serious Low Serious Low Serious

Van Eck
(2017)

Serious Low Low Serious Low Serious Low Serious

Vedantam
(2017)

Serious Low Low Serious Low Serious Low Serious

Pehler
(2019)

Serious Low Low Serious Moderate Serious Low Serious

Cirillo
(2022)

Serious Low Moderate Serious Low Serious Low Serious

ROBINS-I = Risk Of Bias In Non-Randomized Studies - of Interventions.

Figure 2. Forest plot of failure of non-operative management according to the morphology of cervical facet fractures (“floating lateral mass”
in comparison to other subtypes).

Figure 3. Forest plot of cervical facet fracture height (in percentage) according to non-operative management.
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demonstrates a notable reduction in fracture height and an as-
sociation between lower absolute fracture height and success in
non-operative treatment. No heterogeneity was observed among
the results (Tau2 = 0.00) (Figure 4).

Presence of Radiculopathy on Admission. Three studies2,17,18

involving 111 patients reported the presence of irritative
radiculopathy upon admission in patients with isolated cer-
vical facet fractures. The pooled analysis evidenced an odds
ratio of 2.72 (M-H, random effect) [95% CI = 1.02, 7.24]. The
analysis of the confidence interval reveals a lower limit of
1.02, which is very close to 1 (no effect), suggesting a very
weak association (Figure 5). Additionally, because the study
population in van Eck et al18 included floating lateral mass
fractures (unlike the studies by Pehler17 and Spector2), we
conducted a second pooled analysis that excluded the van Eck
study.18 In this analysis, the effect size decreased, and the

confidence interval included 1, indicating no significant dif-
ferences between groups based on the presence or absence of
associated irritative radiculopathy (Figure 6).

Other Documented Risk Factors. Additional risk factors were
identified through this systematic review. However, due to
their isolated description in the literature, insufficient data, or
significant clinical heterogeneity in their definitions, a pooled
analysis was not feasible. These other documented risk factors
include acute disc injury,10,16 comminution,17,18 and patient
weight and body mass index.17,18

A summary of the findings is presented in Table 3.

Publication Bias

The assessment of publication bias in a meta-analysis with fewer
than 10 studies is inherently limited and requires a combination of
approaches. Standard statistical tools cannot be relied upon

Figure 4. Forest plot of cervical facet fracture height (absolute) according to non-operative management.

Figure 5. Forest plot of failure of non-operative management according to the presence of irritative radiculopathy (IR) on arrival.

Figure 6. Forest plot of failure of non-operative management according to the presence of irritative radiculopathy (IR) on arrival, excluding
patients from the van Eck study.

Cirillo et al. 9



exclusively, making a qualitative assessment essential. The var-
ious comparisons made in the present paper involved results from
only 2 or 3 trials, which adds to the challenge. A funnel plot is a
common tool for detecting publication bias; however, with only
two studies, it is not useful, as it does not provide enough in-
formation to assess symmetry. Additionally, specific tests, such as
Egger’s test for funnel plot asymmetry, are not applicablewith just
two studies. A qualitative assessment of the studies may provide
indications of publication bias. It should be noted that cervical
facet fractures are frequently overlooked, which leads to their
prevalence and publication being underrepresented in the liter-
ature. Moreover, the spine medical specialty is predominantly
surgical, likely resulting in fewer publications on non-surgical
treatments compared to innovative surgeries, which may have
industry support. Finally, the low quality of the studies, partic-
ularly the high selection bias, could further justify suspicion of
potential publication bias.

Level of Certainty

The overall quality of evidence and level of certainty were
rated as “very low.” Details of the GRADE approach are
provided in Table 4.

Discussion

Several classification systems have been proposed to assess
cervical facet injuries.4,7,20,25,33 However, aside from clearly
unstable fracture-dislocations, many facet injury patterns re-
main uncertain in their potential for mechanical instability.

Classical systems have traditionally focused on the
mechanism of injury extrapolated from static X-rays, as
proposed by Allen et al, in 1982.7 Kotani et al introduced a
new classification of lateral mass fractures based on a retro-
spective case series analysis. This classification incorporates

the use of X-rays and magnetic resonance imaging (MRI) of
soft tissue. They identified four subtypes of lateral mass
fractures: separation fracture (also known as “floating lateral
mass”), comminution type, split type (characterized by a
vertical fracture line on the coronal plane), and traumatic
spondylolysis. The rates of anterior translation were high in
separation fractures (91%), split type fractures (80%), and
traumatic spondylolysis fractures (100%). Additionally, 76%
of lateral mass fractures showed MRI signal changes of the
anterior longitudinal ligament and disc in the caudal seg-
ments.25 Lee et al modified Kotani’s classification by adding
two types of facet fractures: articular process fractures with
and without dislocations, thereby differentiating them from
articular mass fractures.33

Dvorak et al published a descriptive tomographic classi-
fication with three types: A, B, and C. Type A includes isolated
facet fractures without dislocation, such as fractures of the
superior facet (A1), inferior facet (A2), or floating lateral mass
injuries (A3). Types B and C encompass subluxated-
dislocated facet fractures, with or without facet injury.20

The AOSpine subaxial cervical spine injury classification
system defines four types of facet fractures, arranged hierar-
chically by complexity in ascending order from F1 to F4. Type
F4 includes the most severe and mechanically unstable injuries,
such as subluxated, perched, or dislocated facets. Type F3
includes floating lateral mass fractures. Finally, isolated facet
fractures are classified into two types based on the tomographic
instability risk factors proposed by Spector et al. These types are
characterized by the fragment height exceeding either 1 cm or
40% of the intact contralateral lateral mass.4

As outlined above, several classifications have been proposed.
However, most of the factors that define the various subtypes of
facet injuries are based on results from retrospective single-center
cohort studies.34 In our systematic review, we sought to estimate
the strength of association between the specific injury subtypes

Table 3. Summary of Findings: Risk Factors for Failure of Conservative Treatment in Cases of Isolated Unilateral Subaxial Cervical Facet
Fractures Without Displacement or Neurological Injury.

Risk Factors Result

No of
Participants
(Studies)

Quality of
Evidence
(GRADE) Key Concept

Subtype of fractures: F3 versus
F1/F2

OR (M-H. Random.
95% CI) = 5.41
(1.32 to 22.19)

72 (2) Å222 very
low

Lateral floating mass fractures have 5.41 times
higher risk of experiencing failure of
conservative treatment compared to those
with F1/F2 fractures

Cervical facet fracture height MD (IV. Random. 95%
CI) = �0.46
(�0.60 to �0.31)

93 (2) Å222 very
low

Diminished fracture height is associated with
the effectiveness of conservative treatment

Cervical facet fracture height
expressed as a percentage of
intact facet height

MD (IV. Random. 95%
CI) = �17.51
(�28.22 to �6.79)

93 (2) Å222 very
low

Diminished fracture height in percentage is
associated with the effectiveness of
conservative treatment

Radiculopathy OR (M-H. Random.
95%CI) = 2.72
(1.02 to 7.24)

111 (3) Å222 very
low

Effectiveness of conservative treatment is
independent of the presence of radiculopathy
on admission

Abbreviations:OR = Odds ratio; MD = Mean difference; IV = inverse variance; M-H = Mantel-Haenszel; CI = Confidence interval.
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and the likelihood of failure of non-operative management, and
to indicate which of these features should be considered in an
evidence-based decision-making process.

We found that floating lateral mass injuries are a more
severe subtype of isolated facet fracture compared to less
complex facet fractures, with a 5.41 times higher risk of failure
of non-operative management. This injury is typically clas-
sified as a different subtype (F3 in the AO Spine classification,
separation fractures in Kotani’s classification, and A3 in
Dvorak’s classification). There are moderate concerns re-
garding the descriptions of injury patterns among the studies
included in the meta-analysis.3,16 Therefore, our results
support differentiating F3 fractures as a more hierarchically
complex injury than F1/F2, and primary surgical treatment
should be considered.

The tomographic risk factors included in the AO Spine
classification system were summarized based on data from
two available studies, which show that reduced fracture
height, both absolute and as a percentage, is associated with
successful non-operative management. These results support
the AO Spine criteria for differentiating F1 from F2 fractures.4

The presence of irritative radiculopathy was considered a
risk factor for failure of non-operative management in patients

with non-displaced or minimally displaced facet fractures who
did not exhibit neurological symptoms at the time of pre-
sentation.18 However, after conducting a meta-analysis of data
from three studies, we found the results to be uncertain.2,17,18

Other predictive factors were reported in isolation. Cirillo et al
proposed acute disc injury as a risk factor for failure of non-
operative management of isolated subaxial cervical facet
fractures.16 They assessed all patients with cervical facet
fractures of subtypes F1 to F3 using CT and MRI, finding that
acute disc injury was significantly associated with unsuc-
cessful non-operative management. Nevertheless, magnetic
resonance imaging was not routinely performed in most
cervical facet injury studies included in our systematic review,
making a pooled analysis of this variable unfeasible. Manoso
et al mentioned the association between floating lateral mass
facet fractures and acute disc injury in 84% (n = 26) of patients
evaluated using MRI. Furthermore, Spector et al used MRI for
only seven patients (29%), three of whom were subsequently
diagnosed with foraminal stenosis due to disc herniation. In a
retrospective series, Lifeso et al indirectly noted a significant
number of apparent associated disc injuries (n = 8 patients out
of 18 receiving non-operative management), which man-
ifested during follow-up as late disc space collapse.8 Aarabi

Table 4. GRADE, Quality of Evidence and Level of Certainty.

Risk Factors
Risk of Bias
(ROBINS-I)

Inconsistency
(Heterogeneity)

Indirectness of
Evidence

Imprecision of
Results Publication Bias

Quality of
Evidence
(GRADE)

Subtype of
fractures: F3
versus F1/F2

Serious Low
heterogeneity
of results

Moderate concerns
about failure of
conservative
treatment definition:
Radiographic criteria
and dynamic x-rays

High concerns about
imprecision of the
results: Wide
confidence
intervals, small
samples

Moderate concerns of
publication bias:
publication bias
cannot be excluded,
low number of
studies, language
bias, citation bias

Å222
very low

Cervical facet
fracture height

Serious (�1) Low
heterogeneity
of results. (0)

Moderate concerns
about failure of
conservative
treatment definition

Moderate concerns
of imprecision:
Narrow
confidence interval
but small samples
and number of
studies

Moderate concerns of
publication bias:
publication bias
cannot be excluded,
low number of
studies, language
bias, citation bias

Å222
very low

Cervical facet
fracture height
expressed as a
percentage of
intact facet height

Serious Low
heterogeneity
of results

Moderate concerns
about failure of
conservative
treatment definition

Moderate concerns
of imprecision:
Narrow
confidence interval
but small samples
and number of
studies

Moderate concerns of
publication bias:
publication bias
cannot be excluded,
low number of
studies, language
bias, citation bias

Å222
very low

Radiculopathy Serious Low
heterogeneity
of results

Moderate concerns
about failure of
conservative
treatment definition:
Persistence of pain
after treatment or
instability

High concerns about
imprecision of the
results: Wide
confidence
intervals, small
samples

Moderate concerns of
publication bias:
publication bias
cannot be excluded,
low number of
studies, language
bias, citation bias

Å222
very low
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et al15 excluded patients with documented acute disc injury,
considering this as a sign of instability.15 Pehler et al. did not
routinely perform MRI scans on patients with cervical facet
fractures and may have neglected associated acute disc in-
juries with potential instability.17

According to Pehler et al, comminution and patient
weight greater than 100 kg may be risk factors for failure of
non-operative management in F1/F2 fractures.17 Van Eck
et al also found that higher body mass index was a risk
factor for failure of non-operative management.17,18 Due to
lack of data, a meta-analysis of these variables was not
possible.

The recommendations of this systematic review have
several limitations due to the very low quality of evidence.
This is because all articles included in the review are ret-
rospective, single-center cohorts with a serious risk of bias.
The articles did not adequately describe cointerventions such
as analgesia, physiotherapy, and activity restrictions, and
they also failed to provide information on patient adherence
to the intervention. Additionally, many of the articles in-
cluded the use of hard collars or halo vest immobilization as
part of non-operative management. The heterogeneity in the
definition of failure of non-operative management made it
impossible to summarize the results of some of the included
studies.

Nevertheless, evidence-based medicine principles dictate
that clinical decisions should be based on the best available
evidence and integrated with our experience and patient
preferences. The main strength of our study is that it sum-
marizes the best available evidence on risk factors for failure
of non-operative management for isolated cervical facet
fractures. We believe in the necessity of conducting large
multicenter prospective cohort studies to provide higher-
quality evidence to guide our clinical decisions on this
matter.

Conclusion

The evidence from this review indicates that the mor-
phology of isolated floating lateral mass cervical facet
fractures and greater fracture fragment size (measured ei-
ther in absolute terms or as a percentage) are risk factors
associated with failure of non-operative treatment. Other
factors identified in the literature were not included in the
meta-analysis due to lack of data, including the presence of
acute disc injury, high degree of fracture comminution,
body weight exceeding 100 kg, and high body mass index.
The low certainty of the evidence precludes the formulation
of recommendations.
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